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^5 (54) TlUe: NOVEL CARBONYL REDUCTASE, GENE THEREOF AND METHOD OF USING THE SAME 

HI (54) #6sn<&«8;: mmiJ^-^&Ttmm. -tows?. t$&is*<Dmm& 

(57) Abstract: It is intended to provide a novel polypeptide capable of efficiently producing (R)-N-benzyl-3-pyrrolidinol, a polynu- 
cleotide encoding the same and a method of using the same. Namely, a polypeptide having the following physicochemical properties 
(1) to (4): (1) function: acting on N-benzyl-3-pyrroridinone to give (R)-N-benzyl-3-pyrrolidinol with the use of a coenzyme NADH 
orNADPH; (2) optimum function pH: 5.5 to 6.0; (3) optimum function temperature: 50°C to 55°C; and (4) molecular weight: about 
55,000 in gel filtration analysis, or about 28,000 in SDS polyacrylamide gel electrophoresis. Also, a polypeptide comprising the 
amino acid sequence represented by SEQ ID NO: 1, a polynucleotide encoding this polypeptide, and a transformant producing the 
polypeptide at a high yield are provided. 

(57)^*5): (R) -N-/<i/i?;u-3-tf □ 'J i?^ -JU^^md; < ^ figf -S^tH U ^ ^ h\ 
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^fS^'J^^F Kt?fc$ : (1) ftffl: NADH$tliNADPH$ffiB*tLt, N-Oi?JU-3-fcf P 'J 

501:^1, (r) -N--<>i;ju-3-ep'ji?y-ju$^fiE-r*. (2) ftmmm P h : 5. 5*^6. o, 

(3) ftfflSJSSS : 5 0°e^t>5 5 0 C, (4) ^* : y/l/»iS#*rlCfc l^T ft 5 5 0 O O . SDStK'JT^'J 
JUTS Ky/um«ai!)«'«flCt5L^r$*l2 8 00 0„ §E9Ja<DlE5IJS#1 C*t7 5 SWmMfr 
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5 *mw&s ^ (i) 




10 tI$Jl5N-^^/V- 3-t°n P vV ^^SC^^^JSTDbT, ^ (2) 




15 T^$tt^> (R) -N-- O-^/l— 3 P i^y— ^Sr^i-^^^W-ra 

m-rz> 0 

25 
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2 

- 3 - fcfn y -/U^^it-T (#HI¥ 6-141876 N- 

■'O'i^/U— 3 - t°n y v?/ yRlx/K^;*.;*/;*. ( Depodascus ) M%£<D'$k 

• - tTa y — /l^SrJ43S-f OftM*! 2 10-15099 7#£rfft) #fclfe*L 

5 TV>5„ 

lil^f t§ 2 - r f 7 n yfifr^^^^f I mt5*^iS 
it 2 - f f 7 n-/Vlift«t5^ (Tetrahedron 51, 1 
1531, (199 5)) tlTV^ 5 „ 

-1- (f^7x=^) ^*/>^ N rvtrTJR^^^^TJR^^JRi-«»^. 

/-A-Sr#5*ife ll¥4-2 1 8 3 8 4#^«. RVx #W¥ l 1-215 
9 9 5fM) , l- (gm^*-^) x^yyt^MJ^A-^^yf^^ 
15 A ( G e o t r i c h um candid um ) (D#teW#&jfcm£lt* ft^fe 
'14 1- (it7x^) S S^mttm (J. Org. Chem. 63, 

8 9 5 7 (1 9 9 8)) btlX^Za 

20 fc 0 



WO 2004/027055 



'CT7JP2003/011957 



m-fzzk*mmk~tz> 0 

f7n -/um^ft&TO^tt 1 - 7 * * y Sr^46 1 >T 5 % ^ 
(R) -N-- <^vvu— 3 - fc°u y SVwu&^LWStfP^^KT**)*. 

5. 



) (4) ©a^wttfCSr^r-t-s^y^^K^Wbns. 

(1) NADH^fcfiNADPH^ffiiii tt, Tf25£ (l) 



20 



25 





'CT/JP2003/011957 



5 

-vmztiz (R) -N-- «^/t/-3-t*r= y /V'&&J*i-«SH*«r*"U 

(2) tfMBKgpHfl*5. 5Jft»fc6. 0, 

(3) ^fflMjfi?B.ftj&S 5 Ot^f) 5 5°C. 

(4) ^W«ia^^33V^»«l5 5 0 0 0 % SDS#P7^!J^75 
10 K^m^»^*5V>T^I 2 8 0 0 0. 

^B^^y-^^K-h LTtt N 0»!;lf£> (a) fm&V>&M&& 1 
^LfcT^ /RE^II^b*5#y^^Kx SfcHu (b) E^J*©BB^J##1 

15 A^oN-^y^- 3-t°n U vV ^SrStflsStHW^a^UT (R) -N 

-^y^/v- 3 - t°n y ^/-/^^i-^SH^^i-S^y K&^Mf 5 

e?u*<e>k?!I## 1 ^ ufcr =• / sse^j^ssv^t i m l < f*ifci@©r ^yi 

20 rrent Protocols in Mo lecular Biology 
(John Wiley and Sons, Inc., 1989) ^iZn&M.<D 

fr»R«J^S5cUT (R) -N-' <^^-3-tfo y SV— /WSr^jfrTSSH* 

tfS> mX-ft^^T ( D e v o s i a) JR*IH»«i*tf'&ft> LV^b <£> £ 

LTfif^v'T ■ y ^77 ^ ( D e v o s i a riboflavina) I 
FO 1 3 5 8 4tfc*r$StfS££aS"T?#5 0 
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5 

^^^ttsis, r 5; /mmm^m^x^v k&=*- k***s# 

w (WT^^^^et^ y ^m-i-YD * ^ ( 

mmrnmm*. loomMyvsiw c P H6. 5) ^ N iiN-^y^ 

-3-t'P'Jv?/y5mM, iilNADHO. 2 5 mM^J:t)f i^EI U 
20 5ii^#5. 

^^K-C**L«fv^^t>fflV^sr. fc«STf#<5^ Mx.^ (c) ffl?im<z>@a?U 

#-^2^ufc^ia^e>^5^y v^Ks xfis (a) m&mnwim 

25 y^xyh^ftTTWyi) ^XU HfrfBsS (l) t*$Ji5N-^< 

>-i^-3-t?P y^y ^SrScfra^W^atTcLT, HfrfBSfc (2) t*$ti§ ( 

r) -N-^>-^-3-t 0 n y ^y-^^^i-^^Sr^i-^^y^^K 
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6 

y-fte&vtfV l/^K^@^'fbb7t7^/^^-^fflv^T, 0. 7—1. 
0M©NaCl#4Ts 6 5tTv^yp ^>f1?— V a >-^rfTofc^ N 0. 1~ 
2 {g^<£> S S C^$j ( 1 fe^mcD S S C?«<aj|E/&te\ 15 0 mMlftt b V 
1 5mM^xy|t 1> y !>^«fc «9 Sr/iV\ 6 5 °C<D^T"e7 ^ 

10 ^-Srgfc^-rs r £ <fc 9 mfetZZtfy % 9 K«r*>W*3 £. t &X*%Z> 0 

-f V ¥4 if — x/ a Molecular Cloning, A la 

boratory manual, second edition (Cold 
Spring Harbor Laboratory Press, 1989) 

-O^v'/V-S-fny ^^^^6t)^iil5tiLT (R) -N ti/*J;v- 3 

mn<Dm~ ft (%) j trau stJt^tts 2o^7Ky^^ w^k^t 

«:i§KS?U£^ ^J££ (M;tfc?> A, T N C N G, U, ^fcfil) am*© 
25 CfciM-e^£;ft5 0 

ia^JI^-ft{^ M;Ui, ^T©iE^tffffi^-/^«rffiV^T^tnb#S : GCG 
Wisconsin Package (Program Manual fo 
r the Wisconsin Package N Version8> 199 
4^9^ N Genetics Computer Group; 5 75 Sci 
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ence Drive Madi son^Wi scons in x USA5371 
1 ; R i c e N P. (1996) Program Manual for EG 
CG Package.* Peter Rice^The Sanger Cen 
tre > Hinxton H a 1 1 „ C a m b r i d g e N C B 1 0 1 R Ch 
5 England) , the ExPASy World Wide W 

e b fr^&M^m-y-— (Geneva University Hospi 
tal and University of Geneva N Geneva^ 
Switzerland) o 

10 Ic-StcLT (R) -N — <y^-3-lfoy v ? y-/^«r^i-6^'t4%^r-t-a 

m^z.v'&n-fzz.tfr-v^Zv mu^t lt, m^-tf^r ( d e v o 

s i a ) MHtf**¥»f mt.&tiV^t><Dk\sXte J ftfi/T • U#77lft 

( D e v o s i a riboflavina ) I FO 1 3 5 8 4t^Sf 

15 ^Tt-s N-^^^/l— 3 V *?; ls&&fom$l#)\Z-m%VX (R) -N 

•9. jl^^DNA^-ilfe, 08x.fi> Current Protocols in 
Molecular Biology (John Wiley and So 
25 ns, Inc., 1 9 8 9 ) «fc|B«©^ifeH: £ 9 N l«4l<5|fefe^DN ASr 

MM" 5. 

R (polymerase chain reaction) ^rfTVV t£/K !) ^< 
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s 

is • ^ife*^K:J:9*^r5rias-C#«. AB I P 

RISM Dye Terminator Cycle Sequencing 
Ready Reaction Ki t (Perkin ElmertI) ^ 
5 ctt^AB I 3 7 3A DNA Seqencer (Perkin Elmer 

frU2\ M&fcS. i-PCR$ (Nucl. Acids Res. 16, 8186 
(1 9 8 8) ) \z£Q*<D&#<D&mWM&#:fe'tZ>Z.k&-V%Zo 2fe& 
10 flJDNA±©iJH W W y h d y^ttf t^t'fcofcf ^ WZ- 

K^ttfe^ Mxl^n Current Protocols in Molecu 
15 lar Biology (John Wiley and Sons, Inc., 
1 9 8 9) *mflB*W>l£ifcfc:J:!K l»©mRNA?:iSt5. #c&-s w<£> 

' 5KiS#i£<7)ia^J%Wi-5^^ Vtf K^7^^^V>TRT-PCRft (P 
roc. Nati. Acad. Sci. USA 85, 8998 (1988)) 

$c £ © F£ T-SHS-^m^ Bits ft ^tf /w< ^^^ott)J:v\ 

— N t r c 7n^-^- tac^P^E— . lpp^P^-, tufB 
^n^E— * — N recA^n^— * — N pLynt-^^OiililH^H^ 
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MM-tZfe^^M (MZ.1t. rc>VN^lJ— s CCAAT^j/^^s TATARS' 
10 Zbte, £aMShcJ3*n©*3®-e*>5„ 

So 

^^©tfP^^K&J^TN-^^/i'- y vV 

£3856 tT (R) -N — 3 - fa y $?/ -;w?r4It5f NAD 
20 H, NADPHfoiiWSt/j:5, Klf ir^^&^f-S 
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bra^ Ks&an-t- sri^Li^ < mm b# § 0 

io riHiottibtiSo 

i 1 1 u s megater ium) |J|50^V3- ;*#&7K^BPSf-efo5 £ 
0*bV\ £ 9#3:b< f3\ /7^n'pNTDRGltfcM^^-^ 

If k*V5o 

20 *3SW©^Kfeifefr»±x -b|B^m-<^^-^V^T#^«^K^bT# 

*^BJ<D^K^m#:i: bT, 
E. coli HB101 (pNTDR) ft FERM BP-0 8 4 5 7 <D§: 
ffc#-^T% sp/fcl 5^8^25 
25 E. coli HB101 (pNTDRGl) ft, F ERM BP-08458 
©Ste##"Cx ¥fifc 15^8^250 #T% 
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pH8. 0) ^ SS^a- *0. 1M N iiiNADP2mMj3,ttJ#^ 

«t©*^SH4T^=— ^©^Stt«TOJ: 5teHife£*b#5. o$D, T^IC^m 
10 tf, a^*»jK^fcK«t«;S*/^^S4r^ri-5^«J N NADHf© 

m&im&v&mK. *<Dfik&.m-t>mmirz>m , ito, ^urn. 
^^•e^Kfem^^^s^^i:^^ igmwfo, 



25 




tS^SN-^y^-s-fnyv 5 ;^ — J&5£ (3) 
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R 1 



(3) 



5 



m/iott) £V\ ^/c, n 1 Xte 2 Sr^i- 0 ) -C^$tt§ 2—r b^n V 
8t3*#U &t>\ (5) 



15 U -Ztl^tim— -etl^ott) «fcV\, *fc> R 5 fi7K^^ /M3^^ 

^^/>-^#:^^f§^i!^-e#So 5£ (3) N (5) -C^^^S^feirb 
T <fc <9 i£ L < te, m*-t£. 7-* h*^-2-T h7P>> 3-^h3rv--6, 
7, 8, 9-fI>7tKn-5H-^^n^7V-6-^ 
20 P — 1 — (4 ' -7/^o7x^) - (3' - 



10 




25 




(2) 



T'^$tt5 (R) -N — <yv?;l'-3-b°D]Jv ? 7wK — Jt$5£ (4) 
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5 

Xt*> (6) 



10 




£^-e#3 0 ^ (4) N (6) x*mztiz>fc&mb lt£»? 

8, 9 - f h 7 t Kn - 5 H-^y/v'^ o^7°f > - 6 - t-;K 2-^ an 
-1- (4' -:7/M-n;7^^/k) Xtes 2—^uu-l— (3' 

R\ R=\ R\ R^^ttST/l^^ixgi: LTIt, ^ilCl~3(D7/Vn 

*??-^mm&mifbtiz> B » t u < i^it 1 ~ 2 O7;w^;nt'fe5o 
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t>j:v\ mm^wmtvxi^ h/^^ N ^y^nt>x 

SJftfiSte. 1 0 °C~ 7 0 °C % ^L<I120~40 °CX*h "9 \ Kf&B#F4Ite, 
1-10 0W, L<«1 0~5 0Hf^T*fc6„ K^^s «Op 

5 Hfi, TK^-t- h v $ &*.nm. mm-r v y v&fcmmm&m^x, 

4-10, 0^L<tt5~8«#-f-^ o 

Kteo. i%^b7 0% (w/v) <^tt&^a^«ra£;ft5„ ' 

2 — 3 r Y 7P"-;K 3— 7, 8, 9 — x h 7 t Kn - 5 H-^<^ 
Vl/p o y ^7 B 7' 6 — /K 2-^np-l- (4' -7/l/tn7i^) 
/K Xf3\ 2-^nn-l— (3' — ^ p n ^^-^) xl? y —;VX&> 

zm&s >&mzj&cm>bftm, mm^^(Dmm^mvx^mm^hmi^m<Dmm 
15 mzm^vtz.^ im^-r v v ?j»&mm. mm-r v y ^^tk^> mm^xm 
tfciwibfcpH (3~id ciii, mm^^ h/^>m<D^m^mxm 

20 ©titts ^^nvb^77^- (*7A:UniportB 10%PEG 
-2 0M (ID 3. OmmXl. 0 m, i^^^-y-^ rcv^ftJSl) , *7^IS 
: 2 0 0°C, 3r^r !J T 33*. : M % iffl:FID) "effl^S. 

*fc N N-^ys?/u- 3 - t°n y — ^©3fc^Mft<o»l)£r±x ftftmit* 9 

&?U^ Ylfy? 4— (*7A:Chiralcel OB ( I D 4. 6mmX 

25 2 5 Omm, *V •fe^fk^It^ffii) , : n .^^/-f y^n 

✓V — fr/*?Xi&ASr 5y=99/l/0. 1 N :1ml /m i n „ ^ffi : 

2 5 4 nm N # 7 Aifi^ : T?fTV^5 0 

7—* h*Ss— 2-*r f7D^ 3— ^h^i^— 6, 7, 8, 9-rh7t K 
n - 5 H-^y/^ D/s/f y- 6 - ty, 7—* h*cZ'-2- s r f7P-/K 
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Rtf^ 3-^b^v'-6, 7, 8, 9— t k Kn- 5H — 0^/*s?u^f 

7-fT^7ftS^illCOSMOS I L 5C8-MS (ID4. 6mmX 2 5 
Omm) % .: 7k/Ti? b= hP/W=l/l, ftcig : lml/min, ^t±J 

5 : 2 1 0 nm % : ^?&) -CffV^^ 0 

3; 7c, 7-^ f^rv/-2-f!>70-/K 3-^h=¥iX-6, 7, 8, 

9 — T b7.t Kn - 5 H-^yy^^ n^/f y- 6 - /K£>ft^Mft<2$l^ 

Chiralcel OJ (ID4. 6 mm X 2 5 0 mm) , WMW. ' n -^r 
10 V-^/J y7*P^/- 9/1. JKJg :1ml /m i n N ^tU : 2 5 4 nm. 

2-^PP-l- (4' -7;Vtn7i^V) o^/;/ N 2 — ^ a n — 1 — ( 
3' — ^ n a7x=yk) rc^y>- N (4' -7;^t3 7x^ 

) /K 2-^bp-1- (3' — ^na^^^/k) y—/u<D 

15 II»7A7BV^77^ (7J7i^ : ^^±!7^^A>>^^ 

YMC-Pack ODS A- 3 0 3 (ID4. 6mmX 2 5 Omm) N W-M 
W. : TK/T-fe b ~ h V 1 / 1 > SK5£ :1ml /m i n N ^ttj : 2 1 0 n m N 

^7c, 2-^na-l - (4' -7;^to7x-/l/) a^?;—/^ 2- 
20 ^ n n- l - (3 ' a n 7i=/i/) y — ^©ft^fcfiftoSIJtfiJu MMWi. 
Vfft^&tvi-TY???^- (*7A:^ ir/Hb^XH^^iMC hire 
lcel OJ (ID4. 6mmX2 5 0mm) , n-^ty/^7 
Zfu —;V= 3 9X1. ffiM :1ml /m i n N $lttt : 2 5 4 n m. # 7 Affl 
ft : ^M) T«m^5, 
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M2n, ttt^^^ KpNTDRG KDfU^feM 



38 w % miM-r a /t * <d ft a <7) 

Molecular Cloning 2nd Edition (Cold S 
pring Harbor Laboratory Press, 1989) N 
10 Current Protocols in Molecular Biolo 
gy (Greene Publishing Associates and 
Wiley— Interscience) 0 



15 MT<DjjmK'&^Xs f^T- V #'77t't ( D e v.o s i a r i b o f 
1 a v i n a ) I FO 1 3 5 8 4$c£ «5 N— 'O^/l'- 3 - If n JJ 
JltR^^JlTG VX (R) -N — 3-tfn y — /W«r£fi£*r3i&t§:«: 

(x^^T • U#77lft ( D e v o s i a riboflavina ) IFO 
20 1 3 5 8 A^(D^m 

2 LtSP77^n7 2*H:Tia©fflL^^feJte5SK#:*ift4 0 0ml &#&U 
1 2 0tt?2 0&mm%®iW&ftit£o 

mmmj& (%ra (w/ v ) -c^) : 

y ^7° h ^ 1.0% 

25 -f— ^.h^af^ 0. 3% 

E^=¥;* 0. 3% 

^E-7V}>ce.^^ l. 0% 

N a C 1 0.3% 

7f*;-/HG-10 9 (0*»llitfcfil) 0. 0 0 3% 
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pH7. 0 

o s i a riboflavina) I FOl 3 5 8 4t©i|i^5m If o 
5 mmVs 3 0°CT\ 4 8 B#ra«g 0 ^ Lfc„ 

_b|E^J#*^2 8 0 0 0ml j9»6>aW?$Mi <k «5 ®#Sr*i6fc^ N &ffi*fc!£zk 
t:«fc£r?fei£U ifHOl^3 6 3 g £r#fc 0 Cl<D?S®{fc£r 500ml©l 
OOmMyyilit (pH7. 0) M8iU SONIFIER2 5 0lif 

io (Branson^) &m^xnmvtc 0 mwm^hm^micxm 

i»ttttii8 4 0m 1 ^#t„ 

±m<omm^mm^xfbtc tr— # — & 6 o °c<Dm.ufrw 2 5 

^Cfcet^^rS^is'L^il^Tl^t, 8 3 0 m 1 &#fc 0 

±mxmz.nmmm(D p H^ry^^77kSriv>T 7 . 0 ^hsl-tc^ 3 5 

ftofz.) „ 3t^ipH7. 0&#if£Lft^b> rcD^i>_L*^5 5%t&fPi:^ 

*fc 0 ^(7)«^5 0mlO10mM!)y^iliS (pH7. 0) Lfc^L 
P3-««T 1 ^Cgtff L> *a^*^ 8 3ml £#7t 0 
25 (DEAE-TOYOPEARL*7A^nyf^77^H 

8. O^P^UfCo ~;ft£r, lOmMUyiiil (pH8. 0) 'C^feW'fb 
LfcDEAE-TOYO PEARL 6 5 0M (^y-t^iH) (2 

5 0ml) te&u l^-^W^-e«14iii^^W$^o «ttm#£^ltf>> y ^ 
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(Pheny l-TOYOPEARL*7A^P^f^77^-) 
±12DEAE-TOYOPEARL^7A^a-7f^77^-1?#btlfctt 

it^iSiMt^si^iry^^A^u Ciowu muster 
5 ^^^.ttK^t^Jp ux p h 7 . otoBMSufcas&frofc) > lMo^r^^ 

>)i»^tflOmM!JytiW (pH7. 0) T'WffttfcPh e ny 1 
-TOYO PEARL 6 5 OM (My~ft&&VM) *7^ (100ml) ^ 

>)AO!J=7^7^xyb (lM^bOMtt) mi9flH4W^*r*W**fc- 
10 ffittm^Sr^fe, lOmMpymHK (pH7. 0) K:Tl^o8*f«rffV\ m 

m*ma±, loomMyyiW (pH6. 5) ifN-^y^ 

- 3 -fc°t2 JJ vV y5mM N iiiNADHO. 2 5mM^it;iil:ijm 
3 0TC-ei#raa&&ii\ tf 3 4 0 n m^ibfc^^M^i-S ^ t IdJ: 9 
fro 7c 0 
20 (1) f^ffl 

t99. 9°/oeeW© (R) -N-^^^/W- 3 - If n U — Lfc„ 
NADPHWIi LT±|2^^2pCT#^ttSr^J^bfcm^> NADH 

25 (2) flMiSipH 

mmmt uio omMD ^^mj&j^i o omMmmmmm^m^^x, 

jlpHfi5. 5^b6. 0-CfeoTCo 
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(3) fftBSBilft 

mmfezmfeistc *r©*g&, N-^^-3-ifnyvvw^ffl-t-3Si 

UJ&fe 5 O °CH)> f>55 ttfco fc 0 
5 (4) ^* 

WiUl 5 0 mM©tf bt h P !) A ^r^tf 5 0 mM y ^ilf i (pH 
7. 0) &JBV\ TSK-GEL G3 0 0 0 SWXL*7i« OfCy— 
1±^) «fc 5 ft^m RDR© y/Uttifi ^OVf^77^ -##f£fT o fc^s 
^^^^KiOffi^^r^fe^ffiUfc*^0^*{^5 5 0 0 0T' 
10 o fc 0 £ 7t N 5, }s S D S y T * U /VT ^ K>7*/U 

— b <£>^*te$) 2 8 0 0 0"Cfeofc 0 

15 (PCR/7^v-©^) 

^j&$J 1 T'# ttfclt^R DR^8 MKi^Tt'i14 Lfc|£ N T ^ n 

&ftfc^^mtf©T$/BfcE?9«:AB I 4 9 21^7^^^^- ( 
/N°-dr^/W-M) ^<k<9&5tLfc 0 E.OTSy'BHEaiSrfcfcfc:* DNA7° 
20 y>f^-2® (77^-7^1 :Sa^tJ#-i-3, ^7^-2 : IS^WM) 

(PCRia^RD R3te-?©«H) 

T^v^T • y #77t*t ( D e v o s i a r i b o f 1 a v i n a) I FO 
1 3 5 8 4|Of||W^Mu r r a y^O^fe (Nucl. , Acids 
25 Res. 8:4321-4325 (198 0)) fcf£oT!te6ft:DNA£ttffiL 

Mi LTPCRfcfro 7c RDR5t^05-^i#x.b^^l7 0 0 b p 

©DNA$fJta s igiI£*L7t (PCRti, DNA^JJ/7-f fcltTaKaRa 
Ex Taq (S@ittSfc££t±$l) *fflV^ffV\ SJ6*frri-t©«t9 ftV^ 
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8H*fcfEofc, ) „ ^©DNAlSfjt^N ^7^5KpT7Blue T-Vec 
tor (Novage n#M) — AB I PR I SM Dye 

Terminator Cycle Sequencing Ready R 
eaction Ki t (Perkin Elme r *±®Q joitJ^AB I 3 7 
5 3 A DNA Sequencer (Perkin Elmerftffi SrfflVvC 

* <Z>i££@B?iJ ^rflUffiS. b fc. 
( i -PCRfe^«tSRDR5t^^ftia^J^^) 

X^'v'T • UTjs^^tf^- ( D e v o s i a riboflavina ) IFO 
1 3 5 8 4«c©lfe6#:DNAS:ft«JPS»*E c o R I T^^^b, #b*L7cDN 
10 A^©il^S:T4y^--^fcJ:t)^rtj|t^$*fc 0 iifL*«@[i: bTfflV\ 
lWffi^WbfcRDRA^olBJ^^^EWflm&tfcK:^ i-PCRfe (Nu 
c 1 . Acids Res. 1 6, 8186 (1988)) fc«fc K> „ MftDN 

A±(DRDRm^<D±m.mmm^m\^ti (pcrs, una^v ^v-^t 

LtTaKaRa Ex Taq &m^XftV\ Rjfc&W 

r--eMfc»r#©*P#7 5 y*B7ll«rttafebfc*MI, »MRDRO§p^r ^ yfflt 

mmn±x, z<z>7$;mmfflWz&&vito minors. ;mgM\z*s^x^ 

20 ifRDR©^7^ /mE^Ii:— &bfc*B#tettTM«:ttb;fc„ fc*3 N Hi© 



jli4 RDRitfe^^#tpmm^^7^ 5 K<PffcjK 

25 e I^te^ttflBbfcN^DNA^-lW- {Zfy^^r-Z : IB^IJ## 5 ) N *3 
£UWt^<Z>3' &ffi<DW.mzE c oR iTO^f^nbfcC^DNA^^-^ 
(^7-f-v— 4 :ia^!l##6) bfc 0 :©2t©DNAl:7 P 7 

l^-i: bT/BV\ 3d*«3-ew«bfc9*#^r • y#7 9tr-?- ( D e v o s i 

a riboflavina) I F O 1 3 5 8 4tfc<Z>Sfcfi,#:D NAlrilt bT 
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PCR«rfxV\ Mtta K^tflJ^ICNd e I&tiL*HM^ 3' ^©ilC^^E c 
oR I^3^^#JPLfc, RDRat^^itijilL^ (PCRtt, DNAtK])^ 
-fatTaKaRa Ex Taq (Sffi3£tfc5^tfcK) Sr^TfrV\ R 

f&tkmttv&vwi^mwmfcftofto ) „ Nde iwecori 

5 "C^HbU ^7 5; KpUCNT (WO 9 4/0 3 6 1 3) <7M a c T'n^e— ^ 
-<DT^<75Nd e I - E c oR I SMfcteHf A"TS £ t «k «9 > Eix.^^^ K 
pNTDRSr#fc 0 

10 ^ ErojjEM 

• ^ ;2f^ !J »7 A ( Bacillus megaterium ) I AM 

1 0 3 0#&*©^=— ;*JB£**BNd (E*a> GDHttfS) ©ate^^ifi 
&SB5tltiMft (Eur. J. Biochem. 186, 389 (1989)) £S 
fc, GDHO*3fJte^©WI*6= K^*>6> 5^KJb«t^»«©S h a i n e - 
15 DalgarnoPJ (94tS) $ ^>^^©Iit E c o R I §]|f^^#JO 

fif©H^nKy©EilCSa 1 Ig|5(4l:#iPbfcC*ffiDNAy7^v- (:/ 
: BB3«#8) SrfiTifctetto-Ofr/fcLfc. 20(DDNA^7^f 
■r— £rffiV\ ^^^5: KpGDKl (Eur. J. Biochem. 186, 3 

20 8 9 (1 9 8 9) ) t-CPCR}'il9Z*iDNA^^Lfc 0 itf>D 

NAir^&E c o R I 23iTJ*S a 1 I -cm-ffcU ^7*^ KpUCNT (WO 9 
4/0 3 6 1 3) (51a C yn^-^-©Tl©E c oR I - S a 1 I U&fcffi 
A-TZZtfrXV, IM^7^^ FpNTGUffCo H»!|4T*M 
LfcpNTDR^Nd e I *5<fcTJ*E c oR I "trM'fb L-T#btt& RD Riftis^^ 

25 iOpNTGl±©GD Hffef ©±it#$f 5 N d e I -E c o R I 

A U ^^KpNTDRGl Sr#fco P N T D R G 1 ©f^Kfe*5«t TJ^Jt 

2 ^^-t" 0 
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HJS#i|4*3«tt>*5-C#fc^^7 B 7^ 5 KpNTDRKipNTDRGl &m 

v^iiHBioi {mmmtf&&&m sr^sttemu em«ihbi 

0 1 (pNTDR) *5«ttJ«HB 1 0 1 (pNTDRGl) £r#fc 0 

H 5 bT#btt^K^^E. col i HB 1 0 1 (pNTDR) &£X* 
5 E. c o 1 i HB 1 0 1 (pNTDRGl) tt> -etl^ gffitf FERM 
BP-0 84 5 7*JitJ5FERM BP-0 8 4 5 8 i: LT, 1 5#^8J3 
2 5 B fl~t\ 0 *TOio < rirfr JK 1TI 1 1 fifeJB 6 fcfc S&Stffigrife 

10 Hm#iJ7 Mi±ll^fe(t6RDRQ^l 

^k^J 6 T^fcMtkX-Afll^HB 101 (pNTDR) ^120/jg /m 1 <D 
T^'t'v'P l/&i?;t?2 XYTittttiw^U tt'b&IElC «£ 9 lOOmM 
P^S&BHWifc (pH6. 5) fc®»U UH-5 OSjB#tt**^>flF— (S 

is z<Dmmmffimm<DRDR%i&*&T(D£oKm7£vtc 0 RDRjstoai^ 

10 0mM!)yiiW (pH6. 5) S®N — <y^V-3-lfo^^ 
y5mM, WNADHO. 2 5 mMfcJ;t>B*^» U 30°C-e?Sft34 

0 nmO®^O^SrSiJ^i-5^ irKU^fTofc r<D^^#^V^ N 1 
ftmfcl jumo lWNADH^NADtiftf^Wtt^l unit 

20 7c 0 r^lcM^bfciimttffi^^^RDR^ti^lt^tti! LT*b, 

H^Ufcx^^T • !Jji?7 9^ ( D e v o s i a riboflavina) 

1 FO 1 3 5 8 4^(D»»W^'^^©RDR^tt^3:oV^Tt>^^CJ:b|^brc 0 

25 «HB 1 0 1 (pNTDR) -Cfi N ^<^^— •7 P 7^5; KO^^K^^ft: 
-efc5AJ3iMHB 1 0 1 (pUCNT) t Jt^bTBJ b/^ftRDR?£tt?>i#»S 
JLbftx ^R^T • !)#7 7t't ( D e v o s i a riboflavina ) 
I FO 1 3 5 8 4$c£ifcigfcLT N J£?£44J3:$J 1 7^^^b7c 0 
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*1 





RDRJ±55t£ (U/mg) 


£ coll HB101 (pUCNT) 


<0. 01 


£ col / HB101 (pNTDR) 


0. 67 


tevosia riboflavina IF013584 


6""04 """" 



gjjfeM 8 Mii^if^fe (t^RDRfeJ: D*G D H(D |f]B#£iS 

6 T-#fcmm^^:BimH B 101 (pNTDRGl) HifcM 7 £: |S] 
il^i LT# ^^15 Uttttttl^O G D Hgft5r, ^T^i5t«Lfc 0 G 
10 DHffift©if « 1 M h!) (pH8. 0) ^ S«^/P=i-^0. 

1M N iiiNADP 2mM^tJti^iilD l, 2 5 °CTl£;fi 3 4 0 n KKDP&ft 

o 1 ©NAD P AD P HtlTcf^ifffitt^ 1 u n i t t^B^tio *7c, 

15 iicoj; 5 t-PJ^Lfcil«ttm^ ,: l : '©RDR*3J:-0«GDH?ttt^b?Sf4i: tt 

*U «HB10 1 (pNTDR) *5J:^^^ — ©^©ff^HB 1 
0 1 (pUCNT) ir^U7c^m?r«2^-r o MfHBlOl (pNTD 
RG1) X°l^ ^ff-y^XK K©^Of f 5 *§IH B 1 0 1 ( 
pUCNT) irifc^LT, Kfe^^RDR^it^GDH^ttfDii^P^^^ttfcio 

20 



^2 





RDRhbStt (U/mg) | GDHibStt (U/rag) 


£<»// HBIOKpUCNT) 


<0. 01 i <0. 01 


£<»// HB101 (pNTDR) 


0. 67 I <0. 01 


Ecoli HB101 (pNTDRGl) 


6. 47 ! 111 



fflV^fcN — <^$?/U— 3-t°P U vV l/frib(D (R) -N-^iXv^- 3 -b°P 
^»!l8-e#btL/tJSflm^fli®HB 1 0 1 (pNTDRGl) <W«i£& N 
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SONIFIRE250 (BRANSON^) &^Tj@^3«#Lfc 0 Z.<D 
®f£i&#;?£2 0ml \C^jV^.—^ 2 g, NAD lmg N N-^^i^/L'- 3 - tfn 

5 8 smmw ufc 0 s^iH-Tm^ 5 m^tk^^- b v t? 2 m 1 zmm u 

*bfc 0 ^LfcN— O-^-3-tfa y i?y — /W«^#i6^9 9. 9 
% e e <£>RffcT?£>ofc 0 
10 N-^^l?/U- 3 - y v»y ^ N &T>\ <^v ? /W- 3 - tfn y v?y — ,U 
<D^*te> F^77>f- (*7.A :UniportB 10% PEG 

-2 0M (ID 3. OmmXl. 0m N i^—^-^^^l^^^M) s *7A}g.t 
: 2 0 0°C S V Ttf* : m.m, Witti : F I D) T'?to7c 0 

15 A^ovh ^77^~ (*7A:Chiralcel OB (ID4. 6 mmX 
2 5 0mm N V ^ Mt^nm^tU) N ^« : n --^l^/V y 7°p - 
/py^^/UT ^ >-= 9 9/1/0. 1, fitm-. lml/mi n, : 2 54 

n 7J7AII:il) T*frofc 0 

20 Mil 0 RDR^J:t/y-y^a--^fla7k^^^l^^^^^rfeMm^7cMM 
SrffiV^fc 7-y f^riX- 2-7" 1>7P^^(D (R) -7-^F^-2-ff 

M1&&\SX°nt>frtz.mMZ-J:mWtt& l 0 1 (pNTDRGl) 2 0 

mll^/Va^Sg, NAD 2 m g N 7-^ h^y-2-r b7dX2 
25 JPU 5MC97K^k"7- h y «7AtK^^T^J; ^ pH6. 5^flSLoo s ^ 
l?t#IS^;T\ 3 0°CT»1 5^P^#bfc 0 ^£0&*i££r h/uoi^-e^(±lb > « 

h^iX-2-^ h^n— /KiTt^^Q 9. 9%e e©R^fcofc 0 
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1 H — NMR (CDC 1 3 ) Sppm 1. 62 (s, 1 H) , 1. 73~1. 
8 7 (m, 1H) , 1. 9 8~2. 0 8 (m, 1 H) , 2. 7 0 — 2. 81 (m, 
2H), 2. 88 (app dt, 1H), 3. 05 (dd, 1 H). , 3. 76 
(s, 3H), 4. 09~4. 19 (m, 1H), 6. 61 (d, 1H), 6. 
5 6 9 (dd, 1H) , 7. 00 (d, 1H) 

CO SMO S I L 5 C 8 —MS ( I D 4. 6 mmX 2 5 Omm) N : tK 

/T*fc h = MJ 1/ls ijf&jt :1ml /m i n „ 1ft ffl : 2 1 0 n m. # 7 A 

io : mu) -efrofc 

^pvF^77^ (*7A : ^t^b¥ltl*^tt«Ch i r a 1 c e 1 
OJ (ID4. 6mmX2 5 0mm) ^|$: n — ^^r^/^i V /*J 
—^=9/1. ffiM :1ml /m i n s : 2 5 4 nm N #7A*gJ? : 

15 t?fTofc 0 

£ffflV^fc3-^ h^v--6. 7. 8. 9-fh7tKP-5H-^/^PA 
•fT-^- 6-^-^^h(D (R) -3-^f=fr->-6, 7, 8. 9-rf7fcKn 
20 - 5 H — ^^y^ u^-fT-iy— 6 -±TZ /k^H^ 

HIM8t#fetlt|I^x:«lHB 1 0 1 (pNTDRGl) (D^W. 2 0 
ml(^3^3g, NAD 2 m g N 5 0% (w/w) ©3-^ 
7, 8, 9 - 7 f 7 t Kd - 5 H-^y/^ o^f 6 - t^O h/^y 

mm. 4 g sra&fin l, 5 m^tk^-t- m; 17 atk^^mt^ £ 5 p h 6 . 5 \zm 

25 Sloo, lifB^Ts 3 0°C-C1 8B#Hm#Ufc„ ^©K«?r h/wo-T? 

3-^f=¥iX-6, 7, 8, g-ff^tFn-SH-^/^o^Ty- 
6-t-/H. 6g^#fc 0 ^«^Sra3tUfe«§m. ^bfc3-7« h^rV- 
6, 7, 8, 9-t 1 h7t Kn — 5H— ^V^V^o^:/^^— 6— /W*7fc 
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tttS9 9. 9%ee©Rft«feofCo 

1 H — NMR (CDC 1 3 ) Sppm 1. 40~1. 65 (m, 2 H) , 1. 
70—1. 95 (m, 2H), 1. 95~2. 20 (m, 1 H) , 2. 65~2. 
7 5 (m, 2H) , 2. 9 0~3. 10 (m, 2H) , 3. 78 (s, 3 H) , 
5 3. 65~3. 90 (m, 1H), 6. 66 (dd, 1H) , 6. 73 (d, 1 
H) , 6 . 9 8 (d, 1 H) 

3-^b=¥v—6, 7, 8, 9-ff7tKo-5H-^/^n^fy 
-6-^"V N #;t>\ 3-^h^v--6, 7, 8, 9-7^ f?t Kn-5H-^ 

10 : t*7^f^^tt^?i^COSMOS I L 5C8-MS (ID4. 

6mmX 2 5 0mm) x ®ffim : Tk/Tir b~ f> !J 1 / 1 > iffciS : 1ml/ 
m i n, : 2 1 0 nm > : ^ifr) T"ff^fc a 

3-^h^V-6, 7, 8, 9-7>7tKo-5H-^y^n^ 

15 *7A: ^^Wb^X^aS^thSlC hiralcel OJ (ID4. 6m 
mX 2 5 Omm) v f&MWi : n -^Mfl'/'f y?w*S 1 > ; MM : 

1 m 1 /m i #?fcU : 2 5 4nm N *7^fiS : "MM) t?fTofc 0 

20 SrfflV^fc 2-^PP-l- (4* -7/^P7x=;l/) / >^ b <£> (S) — 

2-^PP-l- (4' — ^/WfrP ^a^/V) =.&S — /KZ>-£-Efc 

H»i8^#fettfcmm^7CfliSHB 1 0 1 (pNTDRGl) ©«*«5 0 
m 1 * 1 0 g. NAD5mg N &t>\ 5 0% (w/w) ©2-^nn 

-1— (4' -7;l/tn7x^) x ^ / y o f y 1 0 g L, 5 

25 M^TK^b-T- h y !7^7K^^T^ £ «9 p H 6 . 5 ^11 loo, 3 0°CT? 2 

2^P^#bfc„ r©M^f^^etttim Jfct80RIL;fcflL If (HO 
°C, 0. 8mmHg) U |fit^2-^on-l- (4' -7/^p7 

no-1- (4' -7;^o7x=:^) /W*5fe^M^9 9. 9 % e e <£> 
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1 H-NMR (CDC 1 3 ) Sppm 3. 10 (s, 1 H) , 3. 61 (dd, 
1H) , 3. 70 (dd, 1H) , 4. 88 (dd, 1H), 7. 06 (m, 2 
H) , 7. 3 5 (m, 2H) 

5 2-^nn-l - (4' — y=c^;v) frxfi^ 2—f p p - 

1- (4' -7;vtc7x=;i/) x^y-/KDfifj: s i^at^* 7 A ^ a t }> 
^77^f- (*7A:^#ft!7-fxAWSYMC-Pa ck ODS A- 
3 0 3 ( I D 4 . 6 mm X 2 5 0 mm) > : 7k/T -fe h ~ MJ /U= 1 / 1 „ 

MM :1ml /m i n . fttti : 2 1 0 n m. U 7^11 : &&) TffofCo 

10 3c 7C, 2-^PP-l- (4' -7/VtP7i=/l/) — /H03te5**fifl?<PiBJ 

^f*> iSI»7^nvf^77^ (*7A : y-f-fe/Hk#X^^#1i 
$S*C hiralcel OJ(ID4. 6mmX 2 5 0 mm) x Wffifo : n— ^ 
^f-^/W y^n/-?y— /W= 3 9/1, ^5$ :1ml /m i ^ffi : 2 5 4 n 
m N ;&9.*iBj£:MJ TfTofCo 

15 

^fflV^c 2 -y P P- 1 - (3' -^PP7i^) 3^/^P>(D (S) —2 
-^pg-1- (3' -#UU7^~/U) 7 —;V<D&$L 

mMm 8 x*nbntcmMx.jzmwuB 101 (pntdrgd <Di%mwt 5 0 

20 mlH^;V3^10g N NAD 5 m g N RT$^ 5 0% (w/w) ©2-^pp 
-1- (3' -^PP7i=^) ^9 / ><D h/tel^fcWZl 0 g 5M 
(DTkmfc-rhV !7A7K^g^T^«t!9 pH6. 5 tllLoo, 3 0°CT*2 2 

firofc 0 ilx^9 7%T-2-y pp- 1 - (3' -^pp7^;v) ^ 

25 /^S#e»ttfe 0 -0>&U 4^tfc2-^an-l - (3' -^pp7x^ 

/I/) ^ 7 — /W«^M^ 9 9. 9 % e e <£> Sffc-Cfcofc. 

2-^PP-l- (3' -^PP7i=/V) zz.? Jl/^ 2-^pp-1 
- (3' -y P P7i=/V) x-ZS'— /VO^ifi. 2-^PP-l- (4' — 7 
/VtP7i-;V) :x*7>\ Xt5 N 2-^pp-I- (4' -7/VtP7x^ 
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) ;U<Dm&bmmz.ftotz.o *fc, (3' -?uu? 

jV<D%^m.<OW&\-t^ 2-^nn-l- (4' -7;^n7 

5 H»J 14 RPR 

0. 3 3% (v/v) ©i?^ K^tf 1 0 OmMU Viif 

m (pH6. 5) K s IS i: ?i 5i 3 ©#i*^#=;Wt;^^«S 1 mM s 

R U 3 0 °CTlfcft 3 4 0 n m©|^H©i/> ZMfe - <££Oc^# 

10 Kl&V^ 1 ^^(C 1 /i m o 1 ©N ADH^NAD tifttSiiffitt^ 1 u n 

- 3 - y ^srrssttSr i o o % i Lfc#^ots^a:-T?^ u ^ 3 \z 

Tjk Lrt„ R D R f±##»cj£ttfc;fr A'tfs/Wb^tttett LTJlTC^tt^^ Lfc 



15 
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iiTcitirt r d r o&mftmfe. 





C%) 




(%) 


N-benzy 1 -3-pyr r o 1 i d i none 


100 


tert-butyl acetoacetate 


5634 






ethy 1 2-methy 1 acetoacetate 


239 


2-acetyl pyridine 


13 


ethyl 2-chloroacetoacetate 


8907 


3-acetylpyridine 


788 


ethyl 2-eteneacetoacetate 


429 


4-acetyl pyridine 


6448 


ethyl 2-oxodecanoate 


18 


2-acetyl pyrrole 


70 










ethyl 4-chloroacetoacetate 


683 


acetophenone 


181 


n-octyl 4-chloroacetoacetate 


224 


m-hydroxyacetophenone 


61 


ethyl 4-bromoacetoacetate 


4099 


m-n i tr oacetophenone 


6927 


ethy 1 4-az i deacetoacetate 


804 


p-ch I oroacetophenone 


2354 


ethyl 4^hydroxyacetoacetate 


! 1774 


4-f 1 uoroacetophenone 


366 


ethyl 4-benzyIoxyacetoacetate 


3186 


3, 4-dimethoxyacetophenone 


2073 


ethyl 4-acetoxyacetoacetate 


4234 


p-methy 1 acetophenone 


521 


benzol acetoacetate 


2015 


2-hydroxyacetophenone 


30 


ethyl benzoyl acetate 


98 


2-chloro-1-(3' 

-ch 1 orooheny 1 ) ethanone 


*rQ*> 


ethyl 2-ch lor 0-3-oxo 
-3-ohenv 1 prop i onate 


52 










1 -pheny I -2-but anone 


147 


benzal dehyde 


21 


propiophenone 


27 


2-py r i d i necarba 1 dehyde 


f 82 1 


benzoin 


13 


pyr i d 1 i ne-4-a 1 dehyde 


441 


benzyl acetone 


410 


o-ch 1 orobenza 1 dehyde 


9 ! 


acetone 


194 


m-ch 1 orobenza 1 dehyde 


301 


2-butanone 


280" 


fi-ch 1 orobenza 1 dehyde 


117 






o-n i tr obenza 1 dehyde 


33 


2-hexanone 


5043 


m-n i trobenza I dehyde 


683 


2-heptanone 


2777 


p-n i trobenza 1 dehyde 


1296 


diethyl ketone 


32 






chloroacetone 


4170 


prop ional dehyde 


204 


hydroxyacetone 


100 


n-butyl aldehyde 


728 


4-hydroxy-2-butanone 


33 


n-hexy 1 a 1 dehyde 


2225 


di acetyl 


1614 


2-pheny 1 prop i ona 1 dehyde 


" 706 1 


acetyl acetone 1 


r 1354 


3- Dhenv 1 nron i nrm 1 riphvrip 


000 






methvl erlvnYiil 




4-methy 1 -2-pentanone 


962 


ff 1 utara 1 dehvde 




cyclopropyl methyl ketone 


20 






cyclopentanone 


103 


7-methoxy-2-tetora 1 one 


7084 

t vut 


d i hydr o-4; 4-d i methy 1 
-2, 3-furandione 


1314 


6-methoxy-2-tetora 1 one 


156 






6. 7-dimethoxy 
-2-tetoralone 


2267 


ethyl 3-oxocyclopehtane 
carboxylate 


87 


2-tetoralone 


1721 


methyl pyruvate 


1889 






ethyl pyruvate 


6232 


2-keto-n-butyr i c acid 


15 


methyl acetoacetate 


n334f 


oxal acetic acid 


14 


ethyl acetoacetate 


4236 


levul inic acid 


11 
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1. UT<D (1) (4) ©aflS^tottRSr^-f-Stfy -VT^K : 

(1) ftMB : NADH4fcttNADPHSri»*i: LT, 5£ ( 1 ) 





T*^£*l3 (R) <yv i ;w- 3 -fo y v^y-;^4^t5s 

15 (2) ftUBSjgpH : 5. 5^&6. 0, 

(3) tfMBKSi&g : 5 0°C^b 5 5°C, 

(4 ) ft^-m : tf/vmiMifrmzjs^xm 55000, sDs^yr^y * k 

^m^8clb^-*f^*3V>-C#& 2 800 0. 
20 2. .£*TZ> (a) Xn (b) OT^y^^K: 

( a ) &m&<dwm&& 1 l^t ^ s mmm** e> * s # y k 




T'$^5N-^y^- 3 - t°n y v?/ V^MiKftH-MxiLT, i£ (2) 



WO 2004/027055 




5 -vrnZti* (R) -N — V vV — /\s%:±I&1rZmm%mirZ> 

3. ^y^^W^^v'T ( D e v o s i a ) (S^-T^ 
ft^ofSfflSil 1 2 ^lBi6£<D* 0 p **rfT K„ 

10 

4. f^^TltIt5»4ft^^ fifr^T • y #'77t't ( D e v o s i a 
riboflavina) I FO 1 3 5 8 4ft-Cfc5i*©i|ll35l3i© 

y j* ^ K„ 

6. ^T<^ (c) Xfi (d) ©4«y^^U^K: 

( c ) ia^j^offi^i#-^ 2 ^ ufc*a6E9«*» <b * 5 y * * k 
20 (a) ga^<DiB^j#^2^bfc^ia^j^+@tt^^sia^j^-r6^y^ 




25 

tSSjiSN-^y^- 3 - t°n y ^&3z#:51iR#Jfc3t5nLT. 5£ (2) 
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7. »#©*£l8&5*;/U*6^fc1Bfc©#y K^tf**-***—. 

5 

9 . ^^-^UbK^^ftSrWrs^ y ^7°^ K£r = - K"T5 tf* V * ? 

10 

7^yr>A ( Bacillus mega ter ium) &%:<Djf;Vzi—7.1lfafcM 
15 11. 79*^ KpNTDRGl-efc5»*OfiKil 0^^|B«^3Sm^<^ 
1 2. »3fc<0«£ffla$7a>fc 1 l^V^i :s ^^^I2«0|§m^^^-^fflV^T^ 

20 

1 3 . mmm^mm$*mwx*hz>m&<Dffi.mm 1 2«^ia«t©^®te*flSo 

14. E. coli HB 1 0 1 (pNTDR) (FERM BP-0 8 4 5 

25 

15. E. coli HB 1 0 1 (pNTDRGl) (FERM BP-08 

4 5 8) -t?&5»5fc£>$sffliiii 3mz.umv>j&nm&&o 



1 6. m&nmmmi 2t>>t>i sm^-rM^^^wm^^mmm^ 



WO 2004/027055 



'CT/JP2003/011957 



34 

17. mm^^^^m^m-r^i^m^, <d 

5 



10 5£ (2) 



15 6JSfclB*fc<z>«afcfr«fe. 

18. M&*/^=-/i'm*ft1r%4k&V3&, — Jftsfc (3) 



25 mmt£-?hy). mm^^mr^^-^^ ( 4 ) 





(2) 




(CH 2 ) n 



(3) 
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10 fB2-x h^n-zi^gft:^ (r) - 7 - ^ h df-v- 2 -x b 7 n — /i^e&Sfit 

2 0. BUIS2-X f7PyfW3-^ 7, 8, 

Kn - 5 H-^y^^ D^/f^ - 6 - ty tfc >5 , B&1B2-X f7P^i 
15 gUfctf* (R) -3-^b^ri/-6, 7, 8, 9-T b7t FD-5H-^y/iX 

2 1. i!ul2#^#~^&^Mbl^«^ (5) 



20 
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5 

2 2. huIBI - 7 3^~)V^$ J yfift:aS2-^oo-i- (4' 
10 =n# J <9 s BUI51 -7 =.~JV*.$ ; — ;vmMW& (S) -2- 

23. wmi-y^-s^? / ^ilP2-^n-l- (3' -^nn^ 

is ^c^/k) y>xhy>, mmi-?*--/^* ;—^W§^fc& (s) -2-? 

n p - 1 - (3' -^an^^^/l^) y — ^-efoSft^^tSHIS 2 1 35^15 
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1 ATGTCCCAGGATTTTTCAGGCAAGGTCGCATTCGTAACGGGTGGTGCCTCGGGCATCGGT 6 0 
M SQDF SGKVAFVTGGASGIG 

6 1 GAGGCGGTCGTCAAGCAGCTTGCCGCGCGCGGCGCCAAGGTTGTGGTTGCCGATCTCAAG 12 0 
EAVVK QL AARGAKVVVADLK 

121 CTCGAAGGCGCGCAGGCGGTTGCCGATGCGGTCAAGGCCGCCGGCGGCGAAGCGGCCGCG 180 
LEG AQAV ADAVKAAG GEAAA 

181 GTAGCTGTCGATGTCGCCAAGGCCGATCAGGTGGAGAAGGCTGTCCAGTTCGCCGTCGAC 240 
VAVDV AKADQVEK A V Q F A V D 

241 ACCTTTGGCGCCCTGCATCTGGCGGTCAATAATGCCGGCATTGGCGGCGCTTCCGCTCCC .300 
T F GAL H L AVNN A G I G GA S AP 

301 CTCGGCGATTATTCCTTCGACGACTGGCATAGGGTTATCGACGTCAATCTCAATTCCGTC 360 
L G D YSFDDWHRVIDV NLNSV- 

361 TTCTATTCGATGAAGTACGAGATCGTCGCCATGCTCAGGGCAGGCGGTGGCGCCATCGTC 420 
F Y S M K YE'IVAML RAGGGAIV 

421 AACATGGCCTCCATCCTCGGCTCGGTGACCTTTCCCAATGCACCGGCCTATGTCACCGCC 480 
NMASILGSVTF P NAPAYVTA 

481 AAGCACGGCGTGGTCGGCATGACCAAGTCGGCCGCGGTGGACTATGCCAAAAAGGGCATT 540 
KHGVVGMTKSAAVDY AKK G I 

541 CGCGTCACGGCCGTCGGGCCCGGTTTCATCGACACGCCGCTCCTATCCGCCTTGCCCAAG 600 
RVTAV GPGFIDTPLLSALPK 

601 GAAACCCTGGACTACCTCAAATCCGTCCATCCGATCGGACGGCTGGGTACCTCGGATGAA 660 
E T L D Y L K SVHP I GRLGTSDE 

661 GTCGCAGCGCTGACCGCGTTCCTGCTCTCCGATGCAGCGTCGAACATCACCGGCTCCTAT 720 
VAAL. TAFLL SDAASNI. TG S Y 



721 CACCTGGTCGATGGCGGCTACGTCGCCCAATAG 753 
HLVDGGYVAQ* 
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EcoRI 



IF013584 
?J a DNA 




GDH Jl^rtF 



Sail 



Ndel. EcoRI lH5$tffr&n 
RDR mfc^CO 



EcoRI, SalI^fe#^JP 



Ndel 



Ndel 



EcoRI 



5 



EcoRI 



E |°R*^ ^ Sa il 



RDR mte* 



X^^-Sall 
/ pUCNT \ 
I (2. 6kb) J . 



Ndel 
coRI 




GDH 



Sail 



/ 

GDH 3tfi^ 
Sail 
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SEQUENCE LISTING 

<no> mmt&j^m&&$± kaneka corporation 

5 

<120> m^jj^-ji^mm. ^om&ff. ^zs^omm^ 

<130> T737/MAT-GT 

10 <150>JP2002-272976 
<151>2002-9-19 

<160> 8 

15 <170> Patent In Ver. 2.1 

<210> 1 
<211> 250 
<212> PRT 
20 <213> Devosia riboflavina 

<400> 1 

Met Ser Gin Asp Phe Ser Gly Lys Val Ala Phe Val Thr Gly Gly Ala 
15 10 15 

25 Ser Gly I le Gly Glu Ala Val Val Lys Gin Leu Ala Ala Arg Gly Ala 

20 25 30 

Lys Val Val Val Ala Asp Leu Lys Leu Glu Gly Ala Gin Ala Val Ala 

35 40 45 

Asp Ala Val Lys Ala Ala Gly Gly Glu Ala Ala Ala Val Ala Val Asp 
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50 



55 



60 



Val Ala Lys Ala Asp Gin Val Glu Lys Ala Val Gin Phe Ala Val Asp 
65 70 75 80 

Thr Phe Gly Ala Leu His Leu Ala Val Asn Asn Ala Gly Me Gly Gly 

85 90 95 

Ala Ser Ala Pro Leu Gly Asp Tyr Ser Phe Asp Asp Trp His Arg Val 

100 105 110 

I le Asp Val Asn Leu Asn Ser Val Phe Tyr Ser Met Lys Tyr Glu I le 

115 120 125 

Val Ala Met Leu Arg Ala Gly Gly Gly Ala I le Val Asn Met Ala Ser 

130 135 140 

I le Leu Gly Ser Val Thr Phe Pro Asn Ala Pro Ala Tyr Val Thr Ala 
145 150 155 160 

Lys His Gly Val Val Gly Met Thr Lys Ser Ala Ala Val Asp Tyr Ala 

165 170 175 

Lys Lys Gly lie Arg Val Thr Ala Val Gly Pro Gly Phe lie Asp Thr 

180 185 190 

Pro Leu Leu Ser Ala Leu Pro Lys Glu Thr Leu Asp Tyr Leu Lys Ser 

195 200 205 

Val His Pro Me Gly Arg Leu Gly Thr Ser Asp Glu Val Ala Ala Leu 

210 215 220 

Thr Ala Phe Leu Leu Ser Asp Ala Ala Ser Asn I le Thr Gly Ser Tyr 
225 230 235 240 

His Leu Val Asp Gly Gly Tyr Val Ala Gin 



245 



250 



<210> 2 
<211> 753 
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<212> DNA 

<213> Devosia ribof lavina 
<400> 2 

5 atg tec cag gat ttt tea ggc aag gtc gca ttc gta acg ggt ggt gee 48 
Met Ser Gin Asp Phe Ser Gly Lys Val Ala Phe Val Thr Gly Gly Ala 
15 10 15 

teg ggc ate ggt gag gcg gtc gtc aag cag ctt gee gcg cgc ggc gee 96 
10 Ser Gly I le Gly Glu Ala Val Val Lys Gin Leu Ala Ala Arg Gly Ala 
20 25 30 

aag gtt gtg gtt gee gat etc aag etc gaa ggc gcg cag gcg gtt gee 144 
Lys Val Val Val Ala Asp Leu Lys Leu Glu Gly Ala Gin Ala Val Ala 
15 35 40 45 

gat gcg gtc aag gee gee ggc ggc gaa gcg gee gcg gta get gtc gat 192 
Asp Ala Val Lys Ala Ala Gly Gly Glu Ala Ala Ala Val Ala Val Asp 
50 55 60 

20 

gtc gee aag gee gat cag gtg gag aag get gtc cag ttc gee gtc gac 240 
Val Ala Lys Ala Asp Gin Val Glu Lys Ala Val Gin Phe Ala Val Asp 
65 70 75 80 

25 acc ttt ggc gee ctg cat ctg gcg gtc aat aat gee ggc att ggc ggc 288 
Thr Phe Gly Ala Leu His Leu Ala Val Asn Asn Ala Gly lie Gly Gly 
85 90 95 



get tec get ccc etc ggc gat tat tec ttc gac gac tgg cat agg gtt 336 
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A/1 ■ 

Ala Ser Ala Pro Leu Gly Asp Tyr Ser Phe Asp Asp Trp His Arg Val 
100 105 110 

ate gac gtc aat etc aat tec gtc ttc tat teg atg aag tac gag ate 384 
I le Asp Val Asn Leu Asn Ser Val Phe Tyr Ser Met Lys Tyr Glu He 
115 120 125 

gtc gee atg etc agg gca ggc ggt ggc gec ate gtc aac atg gee tec 432 
Val Ala Met Leu Arg Ala Gly Gly Gly Ala Me Val Asn Met Ala Ser 
130 135 140 

ate etc ggc teg gtg ace ttt ccc aat gca ccg gee tat gtc acc gee 480 
I le Leu Gly Ser Val Thr Phe Pro Asn Ala Pro Ala Tyr Val Thr Ala 
145 150 155 160 

aag cac ggc gtg gtc ggc atg acc aag teg gee gcg gtg gac tat gee 528 
Lys His Gly Val Val Gly Met Thr Lys Ser Ala Ala Val Asp Tyr Ala 
165 170 175 

aaa aag ggc att cgc gtc acg gee gtc ggg ccc ggt ttc ate gac acg 576 
Lys Lys Gly I le Arg Val Thr Ala Val Gly Pro Gly Phe I le Asp Thr 
180 185 190 

ccg etc eta tec gee ttg ccc aag gaa acc ctg gac tac etc aaa tec 624 
Pro Leu Leu Ser Ala Leu Pro Lys Glu Thr Leu Asp Tyr Leu Lys Ser 
195 200 205 



gtc cat ccg ate gga egg ctg ggt acc teg gat gaa gtc gca gcg ctg 
Val His Pro I le Gly Arg Leu Gly Thr Ser Asp Glu Val Ala Ala Leu 



672 
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210 215 220 

acc gcg ttc ctg etc tec gat gca gcg teg aac ate ace ggc tec tat 720 
Thr Ala Phe Leu Leu Ser Asp Ala Ala Ser Asn I le Thr Gly Ser Tyr 
5 225 230 235 240 

cac ctg gtc gat ggc ggc tac gtc gee caa tag 753 
His Leu Val Asp Gly Gly Tyr Val Ala Gin 
245 250 

10 

<210> 3 
<211> 20 
<212> DNA 
15 <213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence :primer1 
20 <400>3 

atgcargayt tytcnggnaa 20 



<210>4 
25 <211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence :primer2 



<400>4 

gtdatrttrc tngcngcrtc 20 



<210>5 
<211> 29 
<212>DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :primer3 
<400> 5 

gagtcatatg tcccaggatt tttcaggca 29 



<210> 6 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :primer4 



<400>6 

ggcagaattc ctattgggcg acgtagccg 



29 
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<210> 7 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :primer5 
<400>7 

gccgaattct aaggaggtta acaatgtata aa 32 

<210> 8 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :primer6 



<400> 8 

gcggtcgact tatccgcgtc ctgcttgg 



28 
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